Fifty-six strains of Borrelia burgdorferi sensu lato, isolated from ticks and vertebrate animals in Missouri, South Carolina, Georgia, Florida, and Texas, were identified and characterized by PCR-restriction fragment length polymorphism (RFLP) analysis of rrf (5S)-rrl (23S) intergenic spacer amplicons. A total of 241 to 258 bp of intergenic spacers between tandemly duplicated rrf (5S) and rrl (23S) was amplified by PCR. MseI and DraI restriction fragment polymorphisms were used to analyze these strains. PCR-RFLP analysis results indicated that the strains represented at least three genospecies and 10 different restriction patterns. Most of the strains isolated from the tick Ixodes dentatus in Missouri and Georgia belonged to the genospecies Borrelia andersonii. Excluding the I. dentatus strains, most southern strains, isolated from the ticks Ixodes scapularis and Ixodes affinis, the cotton rat (Sigmodon hispidus), and cotton mouse (Peromyscus gossypinus) in Georgia and Florida, belonged to Borrelia burgdorferi sensu stricto. Seven strains, isolated from Ixodes minor, the wood rat (Neotoma floridana), the cotton rat, and the cotton mouse in South Carolina and Florida, belonged to Borrelia bissettii. Two strains, MI-8 from Florida and TXW-1 from Texas, exhibited MseI and DraI restriction patterns different from those of previously reported genospecies. Eight Missouri tick strains (MOK-3a group) had MseI patterns similar to that of B. andersonii reference strain 21038 but had a DraI restriction site in the spacer. Strain SCGT-8a had DraI restriction patterns identical to that of strain 25015 (B. bissettii) but differed from strain 25015 in its MseI restriction pattern. Strain AI-1 had the same DraI pattern as other southern strains in the B. bissettii genospecies but had a distinct MseI profile. The taxonomic status of these atypical strains needs to be further evaluated. To clarify the taxonomic positions of these atypical Borrelia strains, the complete sequences of rrf-rrl intergenic spacers from 20 southeastern and Missouri strains were determined. The evolutionary and phylogenetic relationships of these strains were compared with those of the described genospecies in the B. burgdorferi sensu lato species complex. The 20 strains clustered into five separate lineages on the basis of sequence analysis. MI-8 and TXW-1 appeared to belong to two different undescribed genospecies, although TXW-1 was closely related to Borrelia garinii. The MOK-3a group separated into a distinct deep branch in the B. andersonii lineage. PCR-RFLP analysis results and the results of sequence analyses of the rrf-rrl intergenic spacer confirm that greater genetic heterogeneity exists among B. burgdorferi sensu lato strains isolated from the southern United States than among strains isolated from the northern United States. The B. andersonii genospecies and its MOK-3a subgroup are associated with the I. dentatus-cottontail rabbit enzootic cycle, but I. scapularis was also found to harbor a strain of this genospecies. Strains that appear to be B. bissettii in our study were isolated from I. minor and the cotton mouse, cotton rat, and wood rat. The B. burgdorferi sensu stricto strains from the south are genetically and phenotypically similar to the B31 reference strain.
The etiological agent of Lyme disease was discovered in the tick Ixodes scapularis in New York State (7) and was subsequently described as Borrelia burgdorferi (13) . We now know that B. burgdorferi is composed of a complex of genospecies known collectively as B. burgdorferi sensu lato. Nine species of the complex are known to come from Eurasia, and three are known to come from North America. The latter group consists of B. burgdorferi sensu stricto (5) , Borrelia andersonii (1, 2, 15) , and Borrelia bissettii (24) . Of the B. burgdorferi sensu lato complex, only three species are proven to be responsible for the majority of Lyme borreliosis cases worldwide. Some clinical symptoms caused by the three species are similar, but each has also been associated predominantly with a given clinical presentation. B. burgdorferi sensu stricto, which is found in North America and Europe, is most often associated with arthritis; Borrelia garinii and Borrelia afzelii, which occur in Eurasia, are most often associated with neuroborreliosis and with late cutaneous symptoms, respectively (4, 25, 31) . Currently, B. burgdorferi sensu stricto is the only species proven to cause Lyme borreliosis in humans in North America. However, the DN127 and 25015 group of strains from North America may be involved in human illness on the basis of their genetic similarities to strains from nine patients with disseminated Lyme disease in Slovenia. The DN127 and 25015 group of strains has recently been described as a new genospecies, B. bissettii (24) . Interest-ingly, the clinical presentations of the Slovenian patients varied, from some patients having a relatively benign illness to some being severely affected (29) . Moreover, some patients had variable and unpredictable serologic responses, including an apparent lack of an antibody response despite disseminated disease. Interestingly, some patients from the southern United States with Lyme disease or a Lyme disease-like disease also lack a serologic response to antigens derived from B. burgdorferi sensu stricto (9) . In the present paper we report on the presence of B. bissettii, B. burgdorferi sensu stricto, and B. andersonii in the southern United States.
There is considerable genetic heterogeneity of B. burgdorferi sensu lato in the southern and western parts of the United States compared to the genetic heterogeneity of the organism in the northern parts of the United States (16, 24; T. Lin, J. H. Oliver, Jr., T. M. Kollars, Jr., and K. L. Clark, Proc. VIII Int. Conf. Lyme Borreliosis Other Emerging Tick-Borne Dis., p. 8, 1999) . B. burgdorferi sensu stricto is the dominant genospecies in the northern United States and also occurs in the western and southern areas of the country (16, 22, 24) . B. andersonii occurs in the eastern half of the United States and appears to exist primarily in an enzootic cycle that involves cottontail rabbits and Ixodes dentatus, a tick that bites humans, but rarely (11) . B. bissettii occurs in the western and southern United States but rarely occurs in the northern region. It appears to be maintained in several enzootic transmission cycles in California and the southeastern United States and involves several tick species, including human-biting Ixodes pacificus ticks in the western half of the United States and I. scapularis ticks in the eastern half of the United States (6, 19) .
Recent genetic analysis suggests that at least three genospecies of the B. burgdorferi sensu lato species complex occur in the southern United States (16; Lin et al., Proc. VIII Int. Conf. Lyme Borreliosis Other Emerging Tick-Borne Dis.). An understanding of the genetic variability present among spirochetes isolated from several species of ticks, rodents, and birds in this region is essential to obtain an understanding of the natural history of Lyme borreliosis and of the potential dangers of human infection. The purpose of our study was to investigate the genetic heterogeneity of a sample of B. burgdorferi sensu lato isolates from the southern United States by PCRrestriction fragment length polymorphism (RFLP) analysis of rrf (5S)-rrl (23S) intergenic spacer amplicons and base pair sequence analysis.
MATERIALS AND METHODS
Bacterial strains and culture conditions. The strains investigated in the present study were isolated from ticks (I. scapularis, I. affinis, I. dentatus, Ixodes minor, Dermacentor variabilis), rodents (cotton mouse, cotton rat, wood rat), or rabbits from Missouri, Georgia, Florida, South Carolina, and Texas (Table 1) . Several strains including B-31, SH2-82 (B. burgdorferi sensu stricto), DN127 and 25015 (B. bissettii), 21038 (B. andersonii), and 20047 (B. garinii) were used as positive controls in PCR-RFLP analysis (Table 1 ). All isolates were low-passage (mostly third passage) isolates that had been grown in Barbour-Stoenner-Kelly (BSK) II medium at 33 to 34°C for 1 to 2 weeks (to the stationary phase of growth) and checked via dark-field microscopy for purity and concentration before they were harvested.
Extraction of chromosomal DNA. Thirty-milliliter volumes of stationary-phase cultures were washed in 0.01 M phosphate-buffered saline (pH 7.2) and 5 mM MgCl 2 three times (12,000 rpm; Beckman GS-6KR, Avanti J-30I) for 10 min. Washed pellets of the spirochetes were resuspended in 250 l of TES (50 mM Tris [pH 8 .0], 50 mM EDTA, 15% [wt/vol] sucrose). Subsequently, an equal volume of 5 M NaCl as well as 0.01% (vol/vol) sodium deoxycholate was added to the cell suspension. The samples were incubated on ice for 30 min. The partially lysed cell suspension was then centrifuged at 12,000 rpm (Beckman GS-6KR, Avanti J-30I) for 10 min. After discarding the supernatant, the pellet was resuspended in 250 l of TES; this was followed by the addition of 250 l of 10% sodium dodecyl sulfate and 3 l of RNase. After a 30-min incubation at 37°C, 50 l of proteinase K (20 mg/ml) was added and the tubes were incubated at 50°C for 30 min. This solution was subsequently phenol extracted twice, phenol-chloroform-isoamyl alcohol (25:24:1) extracted once, and chloroformisoamyl alcohol (24:1) extracted once. After the addition of 1/10 (vol/vol) volume of 3.0 M sodium acetate (pH 5.2), 2 volumes of cold ethanol were added to precipitate the nucleic acid. The DNA pellets were resuspended in 50 l of TE buffer (10 mM Tris [pH 7.6], 1 mM EDTA); the DNA was then subjected to 0.8% agarose gel electrophoresis (the gel was stained with 0.5 g of ethidium bromide per ml), and a clearly defined DNA band was observed under UV transillumination and the gel was photographed. The DNA concentration was determined with a UV and VIS spectrophotometer (Lambda 3B; Perkin-Elmer).
Amplification of rrf (5S)-rrl (23S) intergenic spacer amplicons. A pair of primers, primer 1 (5Ј-GCG GGA GAG TAG GTT ATT-3Ј) and primer 2 (5Ј-CTA GGC ATT CAC CAT AGA CT-3Ј), was designed on the basis of a previously published ribosomal DNA sequence (28) and was used to amplify the variable spacer region between two conserved structures, the 3Ј end of the 5S rRNA (rrf) and the 5Ј end of the 23S rRNA (rrl). PCRs were performed in volumes of 50 l containing 10 mM Tris-HCl (pH 9.0 at 25°C), 50 mM KCl, 1. (23) . Briefly, 10 l of PCR product was digested with 4 U of restriction endonuclease MseI for 1 h at 37°C in RE act 1 buffer containing 50 mM Tris-HCl (pH 8.0) and 10 mM MgCl 2 . The PCR product was digested with 20 U of DraI for 1 h at 37°C in Palette buffer containing 20 mM Tris acetate (pH 7.9 at 25°C), 10 mM MgCl 2 , 50 mM potassium acetate, and l mM dithiothreitol. The digests were separated in a 15% acrylamide-0.75% bisacrylamide gel for 5 h at a constant voltage (100 V). The pBR322 DNA HaeIII digest marker (Sigma Chemical Company) was used as a molecular size marker. The gels were silver stained and photographed, and the dried gels were kept as permanent records. All the bands in each lane were identified by their molecular size compared to those of the bands in the molecular size standard. The exact sizes of the smaller-molecular-size bands were identified by their sequence data.
Purification of PCR products, sequence analysis, and phylogenetic analysis. The rrf (5S)-rrl (23S) intergenic spacer amplicons were purified with the Wizard PCR preps DNA purification system (Promega). The DNA sequence of the spacer amplicon was determined by using an ABI Prism (model 377) sequencer. Sequences were aligned both manually and by using Clustal W software (12) ; and a phylogenetic tree was constructed by neighbor-joining (26), maximum-likelihood (8) , and parsimony (30) methods by using version 4.0b4a of the Phylogenetic Analysis Using Parsimony (PAUP) package. Positive control strain B31 was used in each set of sequencing reactions. Its sequence was compared with the sequences in GenBank to eliminate the possibility of errors for each of the strains.
Retrieved sequences. To compare the relationship between our strains and the strains in different genospecies and to conduct phylogenetic analyses, rrf-rrl intergenic spacer sequences of the following genospecies (with database accession numbers given in parentheses for the strain names given in brackets) were used. 
RESULTS
PCR analysis. The intergenic spacer between the two tandem copies of the rrf-rrl ribosomal genes of B. burgdorferi sensu lato was amplified by PCR. The number of base pairs amplified varied from 241 to 258, depending on the particular strain ( Table 2) .
PCR-RFLP results. On the basis of both the MseI and the DraI restriction patterns (Fig. 1) , the 56 isolates were separated into at least three genospecies that had 10 different restriction patterns (Table 3 ). There were four restriction patterns for B. andersonii isolates; most Missouri strains grouped into pattern L1. BC-1, the strain isolated from I. dentatus in Georgia, belonged to pattern L2. MOD-1 and, unexpectedly, SI-10, isolated from I. dentatus and I. scapularis, respectively, were of pattern L3. Pattern Z included eight strains from ticks in Missouri: MOK-3a, MOK-3b, MOK-3c, MOK-3d, MOR-2, MOS-le, MOS-1g, and MON-1. They had MseI restriction patterns similar to that of 21038, the reference strain of B. andersonii, but there was a DraI restriction site in the spacer among those strains that produced two fragments. That DraI restriction pattern made it possible to separate those strains from the others in the B. andersonii genospecies (Tables 2 and 3) .
Despite slight differences in the MseI and DraI restriction patterns, most southeastern strains analyzed in the present study were identified as B. burgdorferi sensu stricto. Five southeastern strains (MI-6, MI-9, SCW-30h, SCGT-10, and FD-1) had identical MseI and DraI restriction patterns, and their spacers had similar nucleotide sequences; the nucleotide sequence of the spacer of strain DN127 (B. bissettii) was also similar to those of these five strains. SCGT-8a had a DraI restriction pattern identical to that of strain 25015 (B. bissettii) but a different MseI restriction pattern. AI-1 had the same DraI pattern as the other southern strains in the B. bissettii genospecies but had a distinct MseI profile. MI-8 and TXW-1 exhibited MseI and DraI restriction patterns different from each other and from those of previously reported genospecies (Tables 2 and 3; Fig. 1 ). Sequence analysis of the rrf-rrl intergenic spacer amplicon. To confirm the results of PCR-RFLP analysis and to assess the DNA relatedness within and between genospecies and genogroups, the complete sequences of the rrf-rrl intergenic spacers from 20 southeastern and Missouri strains were determined. The DNA sequence analyses of rrf-rrl intergenic spacers confirmed our PCR-RFLP results. The 20 strains clustered into five separate lineages (Fig. 2) . MI-8 and TXW-1 were located in separate lineages in the phylogenetic tree. TXW-1 was close to 20047, the reference strain of B. garinii; however, further studies are needed before a final conclusion concerning its taxonomic status can be made. Whether MI-8 belongs to B. burgdorferi sensu stricto or to a new genospecies will also require additional studies. MOK-3a, MOK-3b, MOK-3c, MOK3d, MOR-2, MOS-le, MOS-1g, and MON-1 formed a sub- (Tables 2 and 3 ; Fig. 2 [only the results for representative strain MOK-3a are shown in Table 2 and Fig. 2] ), as did strains AI-1 and SCGT-8a in the B. bissettii lineage (Tables 2 and 3 ; Fig. 2 ). Strains AI-1 and SCGT-8a had different MseI restriction patterns, and their rrf-rrl intergenic spacer regions possessed different DNA sequences. As noted earlier, their taxonomic status needs to be evaluated further. The DNA sequences of the 241-to 258-bp rrf-rrl intergenic spacer region were very stable among the strains, but about 35 bases varied. Some of the DraI and MseI restriction sites were located in various regions, thus allowing the possibility of using restriction patterns to identify and classify Borrelia species. Association between genetic variation of B. burgdorferi sensu lato strains and their animal hosts, tick vectors, and geographic sites. Among nine strains identified as B. burgdorferi sensu stricto in Georgia and Florida, four were from cotton mice, two were from cotton rats, two were from I. scapularis ticks, and one was from an I. affinis tick (Table 4) . Thirty-seven strains characterized as B. andersonii were cultured from I. dentatus ticks from Missouri and Georgia, and one strain (SI-10) from an I. scapularis tick from Georgia was also recognized as B. andersonii. Thus, there were a total of 38 B. andersonii strains, which included strains of the MOK-3a subgroup (8 strains). Seven B. bissettii strains (including AI-1 and SCGT8a) were cultured from I. minor ticks, cotton mice, cotton rats, and wood rats from South Carolina and Florida (Table 4) . Strains MI-8 and TXW-1 were isolated from a cotton rat and a D. variabilis tick from Florida and Texas, respectively (Table  4) .
DISCUSSION
A large amount of genetic heterogeneity is present among B. burgdorferi sensu lato isolates from the United States (16), and there is greater variability among those from western and southern regions than among those from northern ones (16, 22, 24 ; Lin et al., Proc. VIII Int. Conf. Lyme Borreliosis Other Emerging Tick-Borne Dis.). Currently, three U.S. genospecies are recognized among the B. burgdorferi sensu lato complex: B. burgdorferi sensu stricto (5, 13), B. andersonii (15) , and B. bissettii (24) . There is evidence that additional genospecies exist in the western United States (24), and we present data herein indicating that additional ones exist in the southern United States.
It is well known that B. burgdorferi sensu stricto is pathogenic for humans, but the roles of B. andersonii and B. bissettii in human illness are unknown. It might be presumed that B. andersonii does not infect humans because its vector tick, I. dentatus, does not usually bite humans, but a recent paper reports that I. dentatus ticks attached to three humans in three different counties in North Carolina (11) . Also, a partly fed I. dentatus nymph infected with an unusual B. burgdorferi strain was found to be biting a human in the northeastern United States (2). The Borrelia strain was similar to other isolates from I. dentatus ticks feeding on rabbits in that area (1), and those 6, 7, 8, 9 , and 10) of the amplified rrf-rrl spacer from strain TXW-1 and reference strains. The spacer digest was separated in a 15% acrylamide-0.75% bisacrylamide gel, stained with silver stain, and photographed. The species assignments of the strains are listed in Table 2 . Lane M, molecular size markers.
spirochetes were subsequently recognized as B. andersonii (15) . Moreover, among 99 isolates examined, the isolate from the I. dentatus tick feeding on a human and 6 other unusual B. burgdorferi isolates from I. scapularis ticks reacted with sera from humans with early or late Lyme disease. Novel strains of borreliae occur in ticks feeding on humans, and therefore, at least some humans in that area are likely exposed to strains of borreliae other than the classic B31 type strains.
The question of the infectivities and pathogenicities of North American B. bissettii strains for humans is unanswered. However, although strain 25015 (B. bissettii) isolated from an I. scapularis tick in New York was originally thought to be infectious but not pathogenic (3), it was later confirmed to cause mild arthritis in mice (10) . Strains belonging to this genospecies have been isolated from the dusky-footed wood rat (Neotoma fuscipes) and Ixodes spinipalpis and I. pacificus ticks from California (24) . Also, strains were isolated from the cotton mouse, the cotton rat, the eastern wood rat, and an I. minor tick (attached to a Carolina wren) from South Carolina (Tables  1 and 4 ). These records of naturally occurring infections in three species of rodents, a bird species, and three species of Ixodes ticks in the southeastern United States indicate that strains of B. bissettii are not narrowly confined to particular vertebrate host or tick species and that this species is widely distributed geographically in the United States. However, strains of B. bissettii reported thus far in the United States occur in moderate climatic regions (except strain 25015 from New York State) and have been isolated from a total of four tick species, four rodent species, and one bird species. Moreover, strains genetically similar to those of B. bissettii from New York, California, South Carolina, and Florida have been isolated from several humans in Slovenia. Those patients had clinical presentations ranging from relatively benign illness to some severe afflictions. Some of the patients had variable and unpredictable serologic responses, including a lack of antibody response despite disseminated disease (29) . Interestingly, some of the Lyme disease patients in the southern United States also lacked a serologic response to antigens derived from B. burgdorferi sensu stricto (9) . More isolates of B. bissettii from humans and especially isolates from the United States need to be studied to allow a better understanding of its frequency and pathogenicity in humans.
B. burgdorferi sensu stricto is common in the southern United States and occurs naturally in a wide range of vertebrates and several tick species (16, 19, 22 ; Lin et al., Proc. VIII Int. Conf. Lyme Borreliosis Other Emerging Tick-Borne Dis.). Serologic evidence indicates that 27% of 535 cotton mice from North Carolina, South Carolina, Georgia, Florida, Alabama, and Mississippi that were tested had antibodies to B. burgdorferi (14) . Moreover, cultivation of a large number of B. burgdorferi sensu stricto isolates from rodents and ticks from Georgia, Florida, and South Carolina, including a residential suburb of Charleston, S.C. (22) , plus the occurrence of physiciandiagnosed Lyme disease cases in Georgia and South Carolina (9), strongly suggest that B. burgdorferi sensu stricto causes some Lyme disease cases in the southern United States. Nevertheless, it also appears that alternative Borrelia species or novel uncharacterized infectious agents may account for most cases of erythema migrans lesions in the southeastern United States (9) .
Of the 56 spirochetal isolates reported on here, most of those from I. dentatus ticks (from both Missouri and Georgia) appear to be B. andersonii, but genetic variation exists even among these isolates. Geographic sites, host, and tick species appear to influence the genospecies distribution of Borrelia. For example, BC-1, isolated from Georgia, showed an MseI restriction pattern slightly different from those of the Missouri strains, although they were isolated from different ticks of the same species. Moreover, some strains isolated from the same geographic site, the same tick, and the same host species ex- I. dentatus (29) Missouri (28) I. scapularis (1) Georgia (2) MOK-3a group (8) I. dentatus (8) Missouri (8) B. bissettii (7 strains including AI-1 and SCGT-8a) I. minor (1) South Carolina (2) Wood rat (1) Florida (3) Cotton mouse (1) Cotton rat (2) AI-1
Cotton rats (1) Florida (1) SCGT-8a I. minor (1) South Carolina (1)
Texas (1) hibited different restriction patterns (e.g., MOD-1 and MOD-3 or MOD-5, MOR-1, and MOR-2). Also, different strains isolated from different ticks feeding on the same rabbit at the same geographic site had different restriction patterns. This fact suggests that coinfection of two or more B. andersonii strains probably occurs in nature. The MOK-3a group separated in a deep branch of the B. andersonii lineage in the phylogenetic tree (Fig. 2) . Those strains also possessed different DraI restriction patterns within B. andersonii (Table 2) . Whether they should be assigned to a subtype of B. andersonii or whether they should be recognized as a separate genospecies is uncertain. It was surprising that the SI-10 strain (from Sapelo Island, Ga.) appeared to belong to B. andersonii; however, both its restriction patterns and the nucleotide sequences of its spacer confirmed its similarity to that group of strains. It is the first B. andersonii strain isolated from I. scapularis in the South, and it is unclear whether I. scapularis serves as an enzootic vector of it on Sapelo Island. Several southeastern strains, isolated from I. scapularis and I. affinis ticks, cotton mice, and cotton rats, were identified as B. burgdorferi sensu stricto on the basis of PCR-RFLP analysis and sequence analysis of the rrf-rrl intergenic spacer. Our results confirm that typical B. burgdorferi sensu stricto strains plus other genetically variable strains are well established in a wide range of animal hosts and presumably are naturally transmitted by at least two tick species in the southeastern United States (19) . Experimentally, both species are efficient vectors in the laboratory (17, 27) . Several B. burgdorferi enzootic cycles exist in widely distributed foci in the South (18) (19) (20) (21) (22) . Typical and atypical B. bissettii strains were identified in the present study. Nevertheless, strains MI-6, MI-9, FD-1, SCW30h, and SCGT-10 can be placed in the B. bissettii group because of their MseI and DraI restriction patterns, which are similar to the restriction pattern of this genospecies. However, strains AI-1 and SCGT-8a also appear to be B. bissettii, but their MseI restriction patterns differ from that of B. bissettii (Table 2) . Their taxonomic status needs to be evaluated further. Mathiesen et al. (16) reported that strain AI-1 clustered with DN127 (B. bissettii) by pulsed-field gel electrophoresis but did not cluster with that group on the basis of ospA sequence analysis.
Strains MI-8 and TXW-1, isolated from a cotton rat from Florida and a D. variabilis tick from Texas, respectively, possessed distinct MseI and DraI restriction patterns. Phylogenetic analysis of the rrf-rrl intergenic spacer sequence indicated that these two strains were different from each other and from other strains. Strain MI-8 segregated into a separate lineage and did not fit into any previously described genospecies. However, it was closer to the B. burgdorferi sensu stricto strains than to B. bissettii or other genospecies that we analyzed. Unexpectedly, strain TXW-1 appeared to be closer to the European B. garinii genospecies than to other genospecies. This is the first time that a strain from the United States has been reported to be close to B. garinii. Whether this strain will be found to be part of the B. garinii genospecies or an undescribed genospecies remains to be determined after additional investigations are completed. It is not known whether these two strains can infect humans. Since MI-8 was isolated from a cotton rat, it may be presumed that it serves as a natural host. It is impossible to know if the coyote is a natural host for strain TXW-1 because the D. variabilis tick had previously fed on two other hosts during the larval and nymphal stages and may have become infected at those times. The infectivities and pathogenicities of most southern strains remain to be determined.
We conclude that at least three genospecies of B. burgdorferi sensu lato and probably two additional undescribed genospecies occur among southern isolates. Most Missouri tick strains analyzed were B. andersonii. B. burgdorferi sensu stricto, B. bissettii, and B. andersonii coexist in the southern United States.
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